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Background: Despite many prospective and retrospective studies about the association of dietary habit and lung
cancer, the topic still remains controversial. So, this study aims to investigate the association of lung cancer with
dietary factors.
Method: In this study 242 lung cancer patients and their 484 matched controls on age, sex, and place of residence
were enrolled between October 2002 to 2005. Trained physicians interviewed all participants with standardized
questionnaires. The middle and upper third consumer groups were compared to the lower third according to the
distribution in controls unless the linear trend was significant across exposure groups.
Result: Conditional logistic regression was used to evaluate the association with lung cancer. In a multivariate
analysis fruit (Ptrend < 0.0001), vegetable (P = 0.001) and sunflower oil (P = 0.006) remained as protective factors and
rice (P = 0.008), bread (Ptrend = 0.04), liver (P = 0.004), butter (Ptrend = 0.04), white cheese (Ptrend < 0.0001), beef
(Ptrend = 0.005), vegetable ghee (P < 0.0001) and, animal ghee (P = 0.015) remained as risk factors of lung cancer.
Generally, we found positive trend between consumption of beef (P = 0.002), bread (P < 0.0001), and dairy
products (P < 0.0001) with lung cancer. In contrast, only fruits were inversely related to lung cancer (P < 0.0001).
Conclusion: It seems that vegetables, fruits, and sunflower oil could be protective factors and bread, rice, beef,
liver, dairy products, vegetable ghee, and animal ghee found to be possible risk factors for the development of
lung cancer in Iran.
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Lung cancer is the most common cancer worldwide. It
is the leading cause of cancer related mortality, compris-
ing 17% of all cancer deaths. As it does not have good
prognosis its incidence and mortality rates are similar
with approximately 1.5 million cases per year. Lung can-
cer is more common in men and in Northern hemi-
sphere [1] with roughly more than 46.8 incident cases
per 100,000 population in Europe and United States. In
Iran it is the fifth most common cancer [2] with an inci-
dence rate of 4.7-9.2 per 100,000 people [1]. Lung cancer* Correspondence: prs_adimi@yahoo.com
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unless otherwise stated.comprises the second highest cost of cancer per patient
worldwide, which is approximately 6,181 dollars per
month [3,4].
Smoking is regarded as the most important risk factor
for lung cancer. Other risk factors such as exposure to
air pollution, heavy metals, passive smoking, inorganic
dusts, chemical compounds, exposures to radon and asbes-
tos, radiation, and indoor emissions from burning fuels and
also dietary factors have been determined [1].
Dietary patterns with different constituents are closely
related to different type of cancers. In this regard, low
intake of fruits and vegetable were found to be associ-
ated with increased risk of cancer [5]. Vegetable, fruit,
beef, and butter consumption have been implicated in
lung cancer development [6,7].l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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it is one of the most preventable cancers [1]. Indeed, its
prevention can highly decrease the burden of this dis-
ease [4]. Smoking is considered to have a pivotal role in
the prevention of lung cancer among other candidate
risk factors. Physical activity, lower consumption of satu-
rated fat and calorie-dense foods, and high intake of veg-
etables and fruit could be other means to prevent lung
cancer [1,6]. On the other hand, dietary habit remains a
potential risk factor which can be modified in advance
to development of lung cancer [9].
Despite a great number of prospective and retrospect-
ive studies about the association of dietary habit and
lung cancer the topic still remains controversial and
more studies are necessary to confirm or reject the prior
surveys.
The aim of the present study is to examine association
between lung cancer and dietary factors including raw/
cooked vegetables, cereals, red/white meat, fish, dairy
product, fruits and different oils.Methods
The study conducted in 5 differently located university
hospitals in Tehran, Iran. More detailed information about
this study is given by Hosseini et al. [2,10]. Briefly, 242 his-
tologically and cytologically confirmed lung cancer cases
and their 484 matched controls for age (±3 years), sex and
place of residence, consecutively were enrolled to the
study during October 2002 to October 2005. The eligibil-
ity criteria for patients were pathologic confirmation,
capability for undergoing a 1.5 hour interview and not
any suspicious lung cancer metastasis from a different
tumor. The first control group consisted of patients
treated at the hospitals, excluding those with neoplasm
and respiratory diseases. The second control group con-
sisted of healthy people visiting other than the cases or
other cancer patients.
The participation rate for cases and controls were 91.3%
and 91.1%, respectively. The Ethical Review Board of
the National Research Institute of Tuberculosis and
Lung Disease (NRITLD) approved the present study.
The study was designed and conducted in accordance
with the Helsinki declaration and written informed
consent were obtained from all study participants.
Trained physicians interviewed all cases and controls
with structured questionnaire containing demographic
characteristics, habitual history (lifelong history of tobacco
use, including cigarette smoking, using hookah [water
pipe], smoking, and congestion of recreational drugs and
alcohol consumption), medical and family history of can-
cer, dietary habits, occupational history, several proposed
environmental risk factors, residential history, and general
medical history.The nutrition questionnaire was developed through
literature review and focus group discussion. It contained
seven different groups of food including raw vegetable
(fresh herbs, cucumber, lettuce, carrot, radish, onion, to-
matoes, cauliflower, and green paper), cooked vegetable
(mushroom, potato, onions, tomato, peas and beans, car-
rot, radish, turnip, beetroot, squash, garlic, celery, cauli-
flower, cabbage, pumpkin, and spinach), cereal (rice and
bread), meat (sheep, beef, chicken, sheep and beef liver,
fish, and shrimp), egg, dairy product (milk, butter, white
cheese, yogurt), fruit (peach, apple, watermelon, nectarine,
citrus fruit, and banana), and oil (mixed vegetable oils,
sunflower oil, cornflower oil, vegetable ghee and animal
ghee). Both vegetable and animal ghee are used for cook-
ing in Iran and consists of saturated fats [11]. Subjects
were asked about frequency of consumption of individual
foods with a question containing 6 possible answers (more
than 1 time a day, approximately one time a day, 2–4
times a week, less than 1 time a week, less than 1 time
a month, never).
All the demographic characteristics of participants in
the study were gathered into one table. After stratifying
the cases and controls into approximate thirds for the
distribution of various food types in control group, the
middle and upper third consumers were compared to
the lower third. For some kind of foods, like bread,
chicken, fish, and shrimp the middle and upper tertiles
were equal so we decided to categorize them into levels
of never, less than median, and more than median of
controls. This strategy was not possible for bread be-
cause of very low sample size in one the stratum so we
decided to divide it into four groups. Conditional logistic
regression used to evaluate the association of different
foods with lung cancer development. Linear trend across
the exposure groups was also evaluated. When trend
was significant across the exposure groups only the p
value of trend was reported and for reducing type one
error only trend was used in conditional logistic regression
instead of indicator variables (dummy). All the possible
factors with P value of less than 0.1 entered into multivari-
ate model to adjust for different food confounders. Two-
sided P-values <0.05 were considered statistically signifi-
cant to retain independent factors. All statistical analyses
were carried out using STATA version 9.0 (StataCorp,
College Station, TX, USA).
Results
From five university hospitals 242 lung cancer cases
enrolled to this study and matched to the 484 controls
for age (±3 years), sex, and place of residence during a
3 years period (2002–2005). Demographic characteris-
tics of the cases and controls are presented in Table 1.
The range of age for the cases and controls were 17–87
and 17–86 with the means (±SD) of 55.9 ± 13.0 and
Table 1 Demographic characteristics of cases and matched controls, by numbers (%)
Characteristics Controls (%) Cases (%) OR (95% CI) P_value
Age (Mean ± SD)
Male 60.8 ± 12.1 yr 61.3 ± 12.3 yr - -
Female 55.4 ± 14.0 yr 55.9 ± 14.2 yr - -
Total 59.4 ± 12.8 yr 55.9 ± 13.0 yr - -
Sex
Male 356 (73.6) 178 (73.6) - -
Female 128 (26.4) 64 (26.4) - -
Ethnicity
Persian 256 (52.9) 109 (45.0) Referent -
Azeri 129 (26.7) 83 (34.3) 1.8 (1.2-2.7) 0.007
Kurd 21 (4.3) 10 (4.1) 1.1 (0.4-3.1) 0.85
Lur 24 (5.0) 8 (3.3) 0.3 (0.1-1.5) 0.15
Other 54 (11.1) 32 (13.3) 1.5 (0.8-2.8) 0.17
Marital status
Married 456 (94.2) 218 (90.1) Referent -
Unmarried 28 (5.8) 24 (9.9) 2.0 (1.1-3.8) 0.03
Education
≥5-8 yr 314 (64.9) 116 (47.9) Referent -
Nil & <5 yr 170 (35.1) 126 (52.1) 2.3 (1.6-3.2) <0.0001
Smoking
Non-smoker 289 (59.7) 81 (33.5) Referent -
Smoker 195 (40.3) 161 (66.5) 4.7 (3.0-7.2) <0.0001
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pants were male. Most of the cases and their controls
were Persian. The other main ethnic groups were Azeri,
Kord, and Lur. Other ethnic groups like Turkmen, Baluch,
and Arabs were few so were combined together. Most of
the participants were married. Education was categorized
into two groups of less and more than 5 years of school-
ing. Overall, 66.5% of cases (85.4% of men and 14.1% of
women) and 40.3% of controls (52.2% of men and 7.1% of
women) were smokers.
In the bivariate analyses we evaluated the possible co-
founders (demographic and cigarette smoking) and found
that being Azeri, unmarried, less educated (<5 years of
schooling), and cigarette smoker were associated with the
risk of lung cancer (P < 0.05). Therefore, the following
analysis of the dietary habits was adjusted for the effect of
these factors.
The results of the bivariate analyses showed nearly the
same effect size (data is not shown) for different raw
vegetables (fresh herbs, cucumber, lettuce, carrot, radish,
onion, tomatoes, cauliflower, and green paper), cooked
vegetables (mushroom, potato, onions, tomato, peas and
beans, carrot, radish, turnip, beetroot, squash, garlic, cel-
ery, cauliflower, cabbage, pumpkin and spinach), and
also different fruits (peach, apple, watermelon, nectarine,citrus fruit, and banana), to avoid type one error because
of multiple comparisons we decided to merge all individ-
ual foods in each category so their consumption for each
person were averaged for each raw and cooked vegetables
and fruits.
As Table 2 shows, consumption of the moderate and
high level of raw vegetables was significantly associated
with lower risk of lung cancer (adjusted OR = 0.31; 95%
CI: 0.20-0.48 and adjusted OR = 0.52; 95% CI: 0.32-0.86,
respectively). Overall, only middle level consumption
of cooked vegetables was significantly associated with
risk of lung cancer (adjusted OR = 2.02; 95% CI: 1.28-3.2,
P = 0.003). In addition, consumption of fruits was showed
negative trend with the risk of lung cancer (Ptrend < 0.0001).
Middle level of rice consumption was associated with the
risk of lung cancer (adjusted OR= 1.49; 95% CI: 1.01-2.2).
Bread intake also showed positive trend with the risk of
lung cancer development (Ptrend < 0.0001).
We evaluated the association of six different kind of
meat consumption with the risk of lung cancer. Chicken
was not associated with risk of lung cancer. Low con-
sumption of fish and high consumption of beef were
found as risk factors for lung cancer (P < 0.05). Liver
and sheep were only found to be risk factors of lung can-
cer in middle level consumers (P < 0.0001). In contrast
Table 2 Use of vegetables, fruits and cereals in cases and matched controls
Diet Control (%) Case (%) ORa (95% CI) P_value
Vegetables Raw Lower third 128 (26.8) 113 (48.3) Referent -
Middle third 218 (45.7) 68 (29.1) 0.31 (0.20-0.48) <0.0001
Upper third 131 (27.5) 53 (22.6) 0.52 (0.32-0.86) 0.01
Cooked Lower third 174 (38.5) 67 (29.5) Referent -
Middle third 115 (25.4) 86 (37.9) 2.02 (1.28-3.20) 0.003
Upper third 163 (36.1) 74 (32.6) 1.39 (0.86-2.26) 0.176
Fruits Lower third 166 (34.5) 128 (54.0) Referent -
Middle third 161 (33.5) 68 (28.7) 0.60 (0.40-0.89) 0.01
Upper third 154 (32.0) 41 (17.3) 0.31 (0.18-0.52) <0.0001
Test for trend: P < 0.0001
Cereals Rice Lower third 85 (38.6) 67 (38.0) Referent -
Middle third 110 (46.0) 86 (38.8) 1.49 (1.01-2.20) 0.04
Upper third 44 (18.4) 74 (23.2) 0.97 (0.60-1.57) 0.90
Bread <four a month 17 (3.5) 5 (2.1) Referent -
2-4 a week 57 (11.8) 12 (5.0) 0.96 (0.28-3.27) 0.95
Once a day 154 (31.9) 58 (24.4) 1.72 (0.57-5.23) 0.34
>once a day 255 (52.8) 163 (68.5) 2.80 (0.94-8.31) 0.06
Test for trend: P < 0.0001
aAdjusted for smoking, ethnicity, marital status and education.
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justed OR = 0.42; 95% CI: 0.24-0.72). Only beef consump-
tion had trend between different levels of consumption.
Egg consumption was not significant in any of levels.
We evaluated four different type of dairy product (milk,
butter, white, cheese, and yogurt). All dairy products were
found to be risk factors for lung cancer and all of them
had positive trend in three levels of exposure (Table 3).
We also evaluated association of five different oils con-
sumption with lung cancer. Mixed vegetable oil (adjusted
OR = 0.71), sunflower oil (adjusted OR = 0.13) and corn-
flower oil (adjusted OR = 0.11) found to be protective.
In contrast, vegetable ghee (adjusted OR = 5.89) and ani-
mal ghee (adjusted OR = 1.89) found to be risk factors for
development of lung cancer (Table 4).
In a multivariate analysis we entered all associated fac-
tors with P value of less than 0.1 in the model. Fruit, beef,
egg, milk, butter, white cheese, and yogurt had trend over
the exposure levels so we entered them in the model con-
sidering their trend by assigning values of 1, 2 and 3 to
their different level of use. As the levels of consumption of
the other type of foods had not any trend we produced in-
dicator variables when entering them in the model. This
analysis also was adjusted for smoking, ethnicity, marital
status and education.
Only 11 foods remained significant in the multivariate
analysis. Fruit (ORtrend = 0.44) and sunflower oil (OR =
0.28) found to be protective and bread (ORtrend = 1.54),
butter (ORtrend = 1.69), white cheese (ORtrend = 3.09), beef(ORtrend = 2.13), vegetable ghee (OR = 7.71), and animal
ghee (OR = 2.27) found to be risk factor of lung cancer.
Middle third level exposure to liver and rice with OR of
3.03 and 1.84 were risk factors and raw vegetable (OR =
0.42) was protective factor for lung cancer development.
Detailed information on result of multivariate analysis is
presented in Table 5.
Discussion
In a multivariate analysis adjusted for ethnicity, marital
status, and education and all possible related foods with
lung cancer fruit, vegetable, and sunflower oil remained
as a protective factor and rice, bread, liver, butter, white
cheese, beef, vegetable ghee, and animal ghee remained
as a risk factor of lung cancer. Generally, we found posi-
tive trend between consumption of egg, beef, bread, and
dairy product (milk, butter, white cheese, and yogurt)
and lung cancer. In contrast, fruits were the only food
which were inversely related to lung cancer.
Raw vegetable and fruit found to be protective factors
for development of lung cancer in our study. Data about
association of vegetable and fruit consumption and lung
cancer development is still controversial. A multi-center
cohort study in Europe that investigated relation be-
tween different type of cancer and dietary habits, nutri-
tion, and lifestyle on 1,939,011 subjects aged 25–70,
concluded that only fruit intake was inversely related
to the risk of lung cancer [12]. Another cohort study
on 121,700 women (30–55 years ages) and 51,529 men
Table 3 Use of meat and dairy products in cases and matched controls
Diet Control (%) Case (%) ORa (95% CI) P_value
Meat Sheep Lower third 190 (39.5) 69 (28.9) Referent -
Middle third 212 (44.1) 130 (54.4) 21.7 (1.45-3.26) <0.0001
Upper third 79 (16.4) 40 (16.7) 1.54 (0.91-2.62) 0.11
Beef Lower third 265 (55.0) 105 (43.9) Referent -
Middle third 183 (38.0) 104 (43.5) 1.41 (0.96-2.09) 0.08
Upper third 34 (7.0) 30 (12.6) 2.67 (1.39-5.10) 0.003
Test for trend: P = 0.002
Chicken <four a month 156 (32.4) 74 (3.0) Referent -
2-4 a week 278 (57.7) 141 (59.0) 1.19 (0.80-1.75) 0.40
≥once a day 48 (9.9) 24 (10.0) 1.36 (0.73-2.53) 0.33
Sheep and beef liver Lower third 303 (63.0) 94 (39.5) Referent -
Middle third 102 (21.2) 109 (45.8) 4.44 (2.82-7.01) <0.0001
Upper third 76 (15.8) 35 (14.7) 1.52 (0.88-2.62) 0.14
Fish Never 86 (17.9) 23 (9.6) Referent -
<four a month 238 (49.5) 141 (59.0) 2.16 (1.24-3.77) 0.006
≥four a month 157 (32.6) 75 (31.4) 1.71 (0.93-3.15) 0.08
Shrimps Never 328 (68.2) 189 (79.4) Referent -
<four a month 98 (20.4) 25 (10.5) 0.42 (0.24-0.72) 0.002
≥four a month 55 (11.4) 24 (10.1) 0.78 (0.40-1.53) 0.47
Dairy products Eggs Lower third 117 (49.2) 230 (47.8) Referent -
Middle third 70 (33.2) 181 (37.6) 0.69 (0.46-1.03) 0.07
Upper third 42 (17.6) 70 (14.6) 1.21 (0.72-2.04) 0.48
Test for trend: P = 0.07
Milk Lower third 157 (66.0) 346 (71.8) Referent -
Middle third 61 (25.6) 94 (19.5) 1.97 (1.20-3.21) 0.007
Upper third 20 (8.4) 42 (8.7) 2.64 (1.54-4.51) <0.0001
Test for trend : P < 0.0001
Butter Lower third 172 (35.7) 49 (20.6) Referent -
Middle third 194 (40.2) 99 (41.6) 1.70 (1.07-2.71) 0.025
Upper third 116 24.1) 90 (37.8) 2.94 (1.79-4.82) <0.0001
Test for trend: P < 0.0001
White cheese Lower third 49 (20.6) 261 (41.1) Referent -
Middle third 143 (60.1) 185 (38.4) 3.87 (2.52-2.93) <0.0001
Upper third 46 (19.3) 36 (7.5) 6.52 (3.49-12.18) <0.0001
Test for trend: P < 0.0001
Yogurt Lower third 151 (63.4) 337 (69.8) Referent -
Middle third 67 (28.2) 108 (22.3) 2.37 (1.46-3.83) <0.0001
Upper third 20 (8.4) 38 (7.9) 2.98 (1.77-5.00) <0.0001
Test for trend: P < 0.0001
aAdjusted for smoking, ethnicity, marital status and education.
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vegetable intake reduced risk of lung cancer only in
women [6]. Skuladottir et al. in 2004, in a prospective
cohort study on 80,996 men and 79,729 women aged50–64 years suggested that high intake of fruit, vegetables,
and all plant food was associated with risk of lung cancer
only in high consumers of plant foods and vegetables [13].
A systematic review investigated 25 case–control and 11
Table 4 Type of used oil used in case and controls
Type of oil Controls (%) Case (%) ORa (95% CI) P_value
Mixed vegetable oils No 290 (60.5) 167 (72.3) Referent -
Yes 189 (39.5) 64 (27.7) 0.71 (0.48-1.06) 0.09
Sunflower oil No 255 (47.2) 185 (82.3) Referent -
Yes 252 (52.8) 40 (17.8) 0.13 (0.08-0.23) <0.0001
Cornflower oil No 272 (57.0) 201 (88.2) Referent -
Yes 205 (43.0) 27 (11.8) 0.11 (0.06-0.21) <0.0001
Vegetable ghee No 15 (44.4) 31 (12.8) Referent -
Yes 269 (55.6) 211 (87.2) 5.89 (3.6-9.62) <0.0001
Animal ghee No 308 (63.9) 110 (46.0) Referent -
Yes 174 (36.1) 129 (54.0) 1.89 (1.30-2.74) 0.001
aAdjusted for smoking, ethnicity, marital status and education.
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lung cancer, all 25 case–control and 11cohort studies ex-
cept 2 concluded that vegetable intake was a protective
factor for development of lung cancer [14].
The mechanisms by which fruit and vegetable may act
are not clearly understood yet [15]. However, it was sug-
gested that vegetables and fruits consist of micronutri-
ents that can interfere with detoxification enzymes and
immune system, inhibit cell proliferation, induct cell dif-
ferentiation, inhibit oncogene expression, induct cell-cycle
arrest, induct apoptosis, and several other mechanisms.
These compounds consist of antioxidant micronutrients
such as carotenoids as well as other anticarcinogenic
agents [16,17]. In addition, flavonoids in vegetables, whichTable 5 Dietary risk factors for lung cancer; result of multivar
Diet ORa
Raw vegetables Lower third Referent
Middle third 0.42
Upper third NS
Fruit 0.44
Rice Lower third Referent
Middle third 1.84
Upper third NS
Bread 1.54
Sheep and beef liver Lower third Referent
Middle third 3.03
Upper third NS
Butter 1.69
White cheese 3.09
Beef 2.13
Sun flower oil 0.28
Vegetable ghee 7.71
Animal ghee 2.27
aAdjusted for smoking, ethnicity, marital status and education.scavenge free radicals, have been added to the list of pro-
tective compounds. Recent studies showed that phytoes-
trogens and Glucosinolates hydrolysis products are other
potential micronutrients in vegetables and fruits that may
be preventive against cancer [18,19].
There is paucity in evaluating the cooked vegetable
consequent effect on lung cancer. A review on two case
control and one cohort studies concluded no relation be-
tween cooked vegetable and lung cancer as well [20]. Our
study consistently showed that cooked vegetable con-
sumption is not associated with the risk of lung cancer.
Between beef and sheep only beef remained significant
in multivariate analysis. Inconsistent results obtained from
different located studies about relation of meat and lungiate conditional logistic regression
SE 95% CI P_value
- - -
0.10 0.26-0.69 0.001
- - -
0.07 0.31-0.63 <0.0001
- - -
0.42 1.17-2.89 0.008
- - -
0.32 1.02-2.32 0.04
- - -
1.16 1.44-6.40 0.004
- - -
0.43 1.03-2.78 0.04
0.91 1.73-5.50 <0.0001
0.57 1.25-3.61 0.005
0.13 0.11-0.70 0.006
3.50 3.17-18.74 <0.0001
0.77 1.17-4.40 0.015
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500,000 people aged 50–71 have shown a positive asso-
ciation between red meat and risk of lung cancer [21].
Oppositely, a recent cohort study with 99,579 partici-
pants demonstrated no relation between type and cook-
ing method of meat (red or processed) and lung cancer
[22]. Heterocyclic amines (HCAs) and polycyclic aro-
matic hydrocarbons (PAHs), which are produced in high
temperature cooking method of meat, have been estab-
lished carcinogenic effect [23,24]. Moreover, red meat as
a source of saturated fat and iron have been found to be
related with cancer induction [25].
Fish was not a risk factor for lung cancer in separate
analysis with adjusting for ethnicity, marital status, and
education analysis in our study. Contribution of fish in
lung cancer is still the matter of debate. A review on effect
of omega-3 in cancer reported the result of three cohort
studies with three different protective, provocative and
not relating effect of fish consumption as a proxy of
omega 3 with development of lung cancer [26].
Brennan et al. in a multicenter case–control study in
nonsmoker cases with accounting for several confounders
demonstrated that liver and egg consumption are not re-
lated to lung cancer development [27]. Consistently, we
did not find significant association between egg consump-
tion with lung cancer however sheep and beef liver were
found to be a risk factor for lung cancer in our study.
Sheep and cows’ liver contains heavy metals and other
poisons [28]. Liver is responsible for metabolizing and de-
toxifying food, antibiotics, vaccine ingredients, pesticide
over-spray, tainted water, and the synthetic hormones that
are frequently given to farm animals [29,30]. This compo-
nent may influence cancer induction.
It is not exactly obvious what the exact relation between
lung cancer and dairy products is. In a separate analysis
with adjusting for ethnicity, marital status and education
all dairy product including milk, butter, white cheese and
yogurt found to be a risk factor of lung cancer with posi-
tive trend in higher level consumers. Although only butter
and white cheese remained in the multivariate model. A
case control study enrolled 377 cases and 377 controls,
found that after adjusting for body-mass index, family his-
tory of lung cancer, total energy intake and smoking, milk
consumption were positively associated with lung cancer
[31]. Furthermore, a multicenter study demonstrated that
high intake of butter-increased risk of small cell carcin-
oma type of lung cancer [27]. Oppositely, a cohort study
on 50,000 participant after 65-y follow-up, suggested that
high intake of milk has an inverse relation to risk of lung
cancer [9]. A multicenter case–control study in non-
smoker cases demonstrated that high consumption of
cheese and margarine reduces risk of lung cancer [27].
The potential risk of dairy product for lung cancer may
be due to the fact that they are the main source ofcalcium and a positive association between diets high
in calcium and risk of cancer was established in a re-
cent meta-analysis. In addition, presence of live mi-
crobes in dairy products and certain cheeses and their
interaction with immune system, may influence induce
of cancer [32].
According to literature, different oils have various effects
on distinct cancers. Although several studies investigated
the effect of oils in different cancers [33,34] but there is
paucity of studies on the effect of different oils in lung
cancer. However, two animal models suggested a protect-
ive effect of olive oil and provocative effect of corn oil on
lung cancer [35,36]. We found that sunflower oil have a
protective role but vegetable ghee and animal ghee a haz-
ardous role on lung cancer. Sun flower oil contains low
levels of gamma-tocopherol (an isoform of vitamin E)
compared to other vegetable oils [37] but it is enriched
by alpha-tocopherol. A recent study demonstrated that
gamma-tocopherol can promote lung cancer [38] while
alpha-tocopherol, found in olive and sunflower oils, de-
crease the risk of disease. It is associated with better
lung function, and reduces inflammation [39]. In con-
trast, ghee especially vegetable ghee is full of Trans and
saturated fat known to risk factors for cancer. However,
Rani and Kansal demonstrated that cow ghee attenuates
risk of breast cancer. The effect is mediated by decreased
expression of cyclooxygenase-2 and increased expression
of peroxisome proliferators activated receptor- γ (PPAR-γ)
in mammary gland [40]. Further animal studies are needed
to establish the protective or hazardous role of animal
ghee on development of lung cancer.
Bread found to be a risk factor of lung cancer in multi-
variate analysis but rice was only associated with lung
cancer in separate analysis with adjusting for ethnicity,
marital status, and education. Although there are several
studies about association of cereals with other cancers
there is a scarcity in the evaluation of their relation with
lung cancer. A cohort study in the US with a sample of
20,195 demonstrated that high consumption of cereal re-
duced risk of lung cancer [41]. Rice and bread consumed
in Iran normally lack bran. Since most of antioxidant
compounds are found in the bran cereal, removing it may
eliminate preventive effect of these items against cancer.
It is so important to choose the control group in a
case control study. We decided to match our control
groups with our cases to reduce confounders and also
choosing controls in a way to restrict selection bias in
the study. As there is high controversy about the effect
of different group of food with lung cancer we also an-
alyzed some specific food to evaluate possible relation.
Unfortunately, we did not gather extra information
about method of cooking, fat concentration and ac-
companying foods, which are believed to be related to
lung cancer.
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http://www.biomedcentral.com/1471-2407/14/860As the review of literature shows, there is a high in-
consistency in the effect of nutrition with lung cancer
development. When looking precisely to different stud-
ies one realize that there are too many confounders that
each study has to account them for. It has been pro-
posed that susceptibility to environmental agents may be
influenced by polymorphic metabolic genes in different
ethnicities. On the other hand, nutrition is not usually a
separate thing from activity, life style, and other expo-
sures (for example air pollution, water contamination,
and patient’s occupation) in the society which are be-
lieved to be involved in the development of lung cancer
[42]. If we neglect this association there are also other
things to be considered such as way of cooking, fat con-
centration and so on. Involvement of some kind of vita-
mins such as A, C, and E in addition to carrotenoinds
and selenium have been proposed in the development of
lung cancer [5,43]. Different foods may contain different
nutrients that may give rise to the dilution of results to a
null hypothesis and make us erroneously think there is
not any substantial relation or lead to controversies in
the topic, but what may be true would be a nutrient we
do not think about. Therefore, if we observe such incon-
sistencies in the literature, along with different strategies
they used in their studies, misclassification of food and
not accounting for possible confounders such as genetics
may be the cause. Indeed, we strongly recommend restric-
tion of studies to specific group of people to overcome
these problems.
Conclusions
We found that vegetables, fruits and sunflower oil could
be protective factors against development of lung cancer. In
contrast, bread, rice, beef, liver, dairy products, vegetable
ghee, and animal ghee found to be possible risk factors of
the development of lung cancer in Iran.
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